Metabolic Syndrome (MetS) has recently been receiving much attention in Japan. Though some earlier studies discussed the effects of eating behavior or physical activity in developing MetS, it is not clear which of them has the greater effect. The study population was 35,415 males (average age: 45.3 years old) who have had health checkups at a health care center established by one of the largest manufacturers in Japan during the period from 1995 to 2005. They are registered in the study cohort retrospectively using the year when their checkup result was first found in the record files during the period. The exposures are life-style risk factors identified by questionnaires submitted at the checkups and the event is to become diagnosed with MetS based on the estimated abdominal circumference and the diagnostic criteria proposed by 8 Japanese medical academic societies. The impact of each exposure on contributing to the event is examined based on hazard ratios developed by Cox's proportional hazard model. After adjusting for age and family history by multivariate analysis, the hazard ratios of "slow eating: no" to "yes" is 1.228 (p<0.001), "sedentary work" to "standing work, etc" 1.195 (p<0.001), "drinking: 3 times or more per week" to "less than 3 times" 1.094 (p=0.003), "sleeping: less than 6 hours" to "6 hours or more" 1.085 (p=0.013). The effects of eating behavior and physical activity are suggested to be almost the same at approximately 1.2, and those of drinking and sleeping hours appear to be less, at around 1.1.
❖ Background
As the number of patients with diabetes, hypertension and hyperlipidemia has been growing, Metabolic Syndrome (MetS) has increasingly received attention in Japan. In April, 2005, eight Japanese medical academic societies jointly proposed the diagnostic criteria for MetS (refer to Figure 1 It is generally and widely accepted that life-style habits have a close relationship with the development of MetS, and some earlier studies 1-5) discuss the effects of eating behavior or physical activity in developing MetS. However, it has not been clear which of them have a greater contribution. This study examines the impacts of life-style risk factors in developing MetS by retrospectively utilizing health checkup result data of 35,415 Japanese males for the period from 1995 to 2005. This paper is a translated summary of Naonori Yakura's master's degree paper written in Japanese, accepted by the Graduate School of Health Management, Keio University in March, 2007. ❖ Method
Study design
The study population was 53,094 subjects who Received: April 20, 2007 Accepted: June 29, 2007 Correspondence: N. Yakura, Sompo Japan Research Institute Inc., 26-1, Nishi-shinjuku 1 chome, Shinjuku-ku, Tokyo 160-8338, Japan e-mail: nyakura@sj-ri.co.jp had health checkups at one of the health care centers (hereinafter called "the facility") established by Hitachi, Ltd., one of the largest manufacturers in Japan, during the period from 1995 to 2005. Subjects were registered in the study cohort retrospectively using the year when their checkup results were firstly found in the record files during the period (hereinafter called "first year"). The subjects (8,093 persons) who fell under the diagnostic criteria for MetS proposed by 8 Japanese medical academic societies (hereinafter called "the diagnostic criteria") in his/her first year are excluded from the study cohort. After excluding this group, the study cohort consisted of 45,001 subjects (35,415 males and 9,586 females). The observation was continued longitudinally from each subject's first year and terminated in the year when he/she first was diagnosed with MetS according to the diagnostic criteria. The observation was discontinued in the year when a subject's checkup results were not recorded.
Identification of the event
Although abdominal circumference measurement is necessary in order to diagnose MetS based on the diagnostic criteria, it was not measured at the facility before September 2005. This issue was handled by the following 2 strategies.
(1) Estimation of abdominal circumference in the past years The facility did not start to measure abdominal circumference until September, 2005. Utilizing checkup result data that included abdominal circumference measurement during the period from September, 2005 to June, 2006 males and 1,950 females), a regression analysis was performed using abdominal circumference as the dependent variable, and age, height, body weight, body fat percentage as independent variables. By inputting age, height, body weight, body fat percentage figures from the past years into the calculated regression expressions, abdominal circumference figures for the previous years were estimated.
The cutoff points of abdominal circumference shown in the diagnostic criteria (85 cm for male and 90 cm for female) are figures measured at standing position. But those recorded at the facility are figures measured at supine body position. In order to have cut-off points at supine body position, the second strategy below is employed.
(2) Cut-off point of abdominal circumference at supine body position Since September, 2005, the facility has provided the opportunity for those who are interested to have a visceral fat square measure estimated by a computed tomography (CT) image at abdominal part with the image processing software (fatPointer). Utilizing the visceral fat square measure and checkup result data during the period from September, 2005 to June, 2006 (3,557 males and 567 females), cut-off points of abdominal circumference at supine body position which give 100 cm 2 of visceral fat square measure is analyzed. The result of this analysis was used, instead of the cut-off points shown in the diagnostic criteria, for establishing the diagnosis in this study.
Identification of risk factors
Life-style risk factors as statistical exposures were identified by questionnaires submitted at checkups in the subject's first year. The questionnaires have more than 50 questions in the areas of working habits, 
Statistical method
Receiver Operating Characteristic (ROC) analysis was used for the analysis of cut-off points of abdominal circumference at supine body position which yielded 100 cm 2 of visceral fat square measure. Multiple Regression analysis was used to generate regression expressions of abdominal circumference. The impact of each risk factor towards having the event was examined based on hazard ratios developed by Cox's proportional hazard model. The software for statistical analysis is SPSS version 14.0J for Windows.
Ethical review board
The Ethical Review Board of the Graduate School of Health Management, Keio University approved the protocol of this study.
❖ Results

Cut-off point of abdominal circumference at supine body position
The ROC curve of abdominal circumference at supine body position versus 100 cm 2 of visceral fat square measure for male is shown in Figure 2 . The point of abdominal circumference at supine body position which gives the minimum distance from the coordinate (0,1) is 82.5 cm as shown in Table 1 . Since the point is confirmed to be at almost the same level for each age band, under 40 years old, 40-49 years old, 50-59 years old and 60 years old and over, 82.5 cm of abdominal circumference at supine body position was used in this study instead of 85 cm of abdominal circumference at standing position showed in the diagnosis criteria.
The ROC curve of abdominal circumference at supine body position against 100 cm 2 of visceral fat square measure for female is shown as Figure 3 . The point of abdominal circumference at supine body position which gives the minimum distance from the coordinate (0,1) is also 82.5 cm as shown in Table 2 .
Regression expression of abdominal circumference
Utilizing checkup result data with abdominal circumference measurement during the period from September, 2005 to June, 2006 
Evaluation of regression expression
The ROC curves of the estimated abdominal circumference as well as BMI, body fat percentage and fat weight with the measured abdominal circumference for male and female are shown in Figure 4 and Figure 5 respectively. It is clear that the estimated abdominal circumference is a better indicator for the 100 cm 2 of visceral fat square measure than were BMI, body fat percentage or fat weight, since the curve of the estimated abdominal circumference lies upward and to the left of those other indices. 
Cohort characteristics
With the estimated abdominal circumference of 82.5 cm as a cut-off point, the numbers of subjects with MetS for each health checkup year for male and female are shown in Table 3 and Table 4 , respectively. In recent years, the percentage of males with MetS has grown from 16 to 21% of male subjects, whereas the rate in females has been stable at around 7%, one third the current rate of males. Accordingly, the remainder of the analysis was conducted only for males.
Since subjects who fall under the diagnostic criteria for MetS in their first year were excluded from the study cohort, the structure of the male cohort is as shown in Table 5 .
Univariate analysis
The result of univariate analysis by Cox's proportional hazard model of the years free from MetS with life-style risk factors is as shown in Table 6 . The factors which are statistically significant are smoking, drinking, breakfast, slow eating (15 minutes or more for breakfast and lunch, and 20 minutes or more for dinner), physical activity at work, family history of hypertension, diabetes, hyperlipidemia, stroke and angina/myocardial infarction.
Multivariate analysis
The result of multivariate analysis by Cox's proportional hazard model is as shown in Table 7 . The analyzed subjects are 31,153 males who were employees of this manufacturing company, neither retired nor family members of the employees in his first year as a result of including "Physical activity at work" as a covariate. Sleeping, which is not statistically significant in the univariate analysis, is significant in this multivariate analysis when introducing age as a covariate. Smoking, eating breakfast everyday, family history of hyperlipidemia or angina/myocardial infarction were not significant. The hazard ratios of "slow eating: no" to "yes" is 1.228 (p<0.001), "sedentary work" to "standing work, etc" 1.195 (p<0.001), "drinking: 3 times or more per week" to "less than 3 times" 1.094 (p=0.003), "sleeping: less than 6 hours" to "6 hours or more" 1.085 (p=0.013). In summary, the effects of eating behavior and physical activity are suggested to be almost the same at around 1.2 and those of drinking and sleeping hours are to be less at around 1.1.
The results of the analysis are unchanged by both the step-up and step-down procedure. The proportionality of hazard is confirmed by time-dependent Cox regression analysis.
❖ Discussion
It is generally and widely accepted that life-style habits have a close relationship with the development of MetS. The life-style risk factors themselves showed in this study, drinking behavior, eating behavior, physical activity, family history of hypertension and/or diabetes, etc. are the usual ones. Some earlier studies showed in Background discuss the effect of eating behavior or physical activity in developing MetS, however, it has not been clear which of them have a greater contribution. This study shows first time ever the comparison of the contributions of risk factors, especially the one of eating behavior aspect and the one of physical activity aspect. As stated above, on a hazard ratio basis, the effects of eating behavior and physical activity are suggested to be almost the same at around 1.2 and those of drinking and sleeping hours to be less, at around 1.1. The strengths of this study are 1) the large size of the study cohort, 2) examining the longitudinal relationship of the exposures and the diagnostic event, and 3) retrospective cohort design by way of the estimation of abdominal circumferences in the past years. The lim-itations of this study are as follows. As shown in Table 5 , the cohort contains about 20,000 censored cases, which makes the observation period rather short, average 3.41 years, median 2 years. Since the analyses include censored cases, it is considered that the over estimation of the occurrence of the event during the period of a few years just after the first year could be kept off. But the method implies the assumption that the occurrence level of the event for the censored cases after censored is about the same as that for the complete cases. The validity of this assumption should be carefully examined. One consideration based on the base-line characteristics of checkup results among groups as shown in Table 8 is as follows.
Comparing the group of subjects who have fallen under the diagnosis criteria during the observation period (MetS group) against the group who have not (non-MetS group), the average of MetS group is older in age, shorter in height, heavier in weight, higher in "Slow Eating: Yes" means to spend 15 minutes or more for breakfast & lunch, and 20 minutes or more for dinner. "No" means to spend less than this time for at least one of the three meals. BMI, SBP, DBP, TG and FBS, and lower in HDL-C than that of non-MetS group respectively. Though the life-style risk factors are identified by the questionnaires in the first year, the life-styles are supposed to have been maintained through the past years before the first year. Therefore, it could possibly be inferred that the life-style risk factors have acted upon the checkup results in the first year. The average of censored group lies midway between MetS group and non-MetS group except weight and the standard deviation of censored group is larger than those of MetS group and non-MetS group except TG. Therefore, Sensor group is supposed to be a mixture of subjects who have either of the characteristics of MetS or non-MetS, and not to be heavily disproportionately biased to either of MetS or non-MetS.
The subjects of this study are mainly older than 35 years of age and the average age is 45.3 years old. The generalizability of the result to people under 35 years of age should be carefully examined. As the subjects are employees, retired and family members of one company group and located in a rather small area in north Kanto, Japan, the life-styles based on the locality, the industry and the working practice, etc. might be rather homogeneous or not sufficiently dispersed. The generalizability of the result to people in other localities, industries or working practices, etc. should be carefully examined.
Furthermore, the questionnaires used in this study are not designed specifically for the study, and it is not improbable that the questionnaires did not sufficiently highlight the impactable life-style risk factors for developing MetS. In that sense, the statement that the factors which did not show statistical significance in this study have no impact in developing MetS is considered to be too strong.
